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Observations on Drum Drymng Mashed Potatoes
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SUMMARY

Potato flakes (drum-dried mashed
potatoes) are normally dried at drum
speeds of about 2 to 3 rpm, to obtain
a dense sheet. When mash is being
dried to form a sheet for conversion
to flakelets (a product of high bulk
density), sheet density is relatively un-
important. The work shows that drum
speeds up to 3 times those frequently
used in producing flakes can be used
in the flakelet process, with marked
increase in dryer output and without
impairing product quality. The inter-
relationships among drum speed, steam
pressure, mash solids, dryer output,
and sheet density are shown.

INTRODUCTION

Potato flakelets are a dense form of
dehydrated mashed potato formed by
laminating a fragmented sheet of
drum-dried mash (Eskew and Drazga,
1962). Equipment requirements and
costs involved in their commercial pro-
duction have been described (Claffey
et al, 1961). This paper gives engi-
neering data obtained in pilot-plant
research on one of the most important
steps in the process—drum drying of
the mash. Fig. 1, a flow sheet of the
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entire flakelet process, shows drum
drying in proper perspective.

Up to the point of cooking, the
process is the now-familiar one of
making potato flakes. After being
washed and peeled with either lye or
steam, the potatoes are trimmed, sliced,
precooked, cooled, and then cooked in
atmospheric steam until soft enough
to rice. On emerging from the eooker
the slabs are divided into two streams.
One stream is riced, and the resulting
mash is cooled. The remainder is also
riced, and then drum-dried to a sheet
containing about 10-15% moisture.
After the sheet is broken to pass 14-
in.-diameter holes, it is thoroughly
mixed with the previously cooled
mash. This mixture, containing ahout
309 moisture, is compacted in the
manipulator to form small laminates
that, when dried, possess a bulk den-
sity of 40-50 1b per cu ft, depending
on the moisture and the time employed
in manipulation.

The proportions into which the
stream of slabs must be split to ob-
tain any desired moisture in the mix-
ture to be manipulated will depend
upon the moisture in the riced slabs

Fig. 1. Potato flakelet processQ

and the moisture in the drum-“dried”
sheet. If m represents the % moisture
in the riced slabs, d the % moisture in
the “dried” sheet, and p the % mois-
ture desired in the mixture, the per-
cent of slabs to be riced, cooled, and
fed to the mixer will be:

100
(100 — @) (m — p)
(100 — m) (p — 4)

The drum drying of mashed pota-
toes for making flakes has been
studied by Cording et al. (1957).
Their work, confined to drum speeds
of 4 rpm and less, was directed toward
obtaining the maximum product rate
consistent with a dense sheet contain-
ing about 5% moisture. The desired
sheet density (2.0-2.5 lb per 100 sq
ft) could be had only at drum speeds
of about 2-3 rpm. To obtain a product
moisture of 5% at this drum speed it
was necessary to use steam between 70
and 80 psi. Now that moistures of
about 6-6.5% are typical for com-
mercial flakes, it has become our piloi-
plant practice to use steam pressures-
of 55-60 psi and a speed of 2 rpm to
obtain comparable moistures when
making flakes. This gives a dense
sheet, but where high-solids potatoes
are used and an emulsifier is added;
the mash is “cottony.” Therefore, to
obtain good adhesion to the drum at
the low surface temperatures cor-
responding to these pressures, the
mash must be diluted to about 20%
solids.

Commercially produced flakes are
now made at 6-6149% moisture and
drum speeds are generally between 2
and 3 rpm to obtain a dense sheet.

Although commercial flakes are a
quite satisfactory starting material for
flakelets, there are economies in pre-
paring a sheet specifically for flake-
lets. In drum drying a sheet fo con-
vert to flakelets, the objectives are
quite different from those that apply
in flake production. The important
factors are a continuous but not neces-
sarily dense sheet, a moisture not ex-
ceeding about 15%, and high output.
This paper indicates the optimum con-
ditions for achieving these ends.
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EXPERIMENTAL

The dryer used had a drum 2 ft in
diameter by 3 ft long with 4 applicator
rolls, a prototype of those generally
used commercially. - Tests were de-
signed to show interrelationships
among drum speed, steam pressure,
mash solids, dryer output, and sheet
density.

The speed of the drum was set by ad-
justing a variable-speed-drive mecha-
nism, and the temperature of the
drum was brought to the test level by
slowly increasing the steam pressure
within the drum over a 15-min period.
Test conditions having been estab-
lished, mash was fed to the dryer un-
til equilibrium was reached, then
elapsed time was recorded for the
feeding of 100-1b batches of mash.
Flake production rates were taken for
measured time intervals at equilibrium
conditions. Solids content of the mash
and of the flake was determined by
analysis of composite samples taken
over the period of test, using a Bra-
bender moisture tester,- Type FRA (no
endorsement implied). Sheet density
was calculated as follows:

(1b of moist sheet per hr X potato

“solids in sheet X 100) =+ (60 X rpm
of drum X total drum surface ex-
cluding ends).

The bulk density of the product (flake
lets) was determined by vibrating a
no. 10 ean while filling and then
weighing the contents of the filled can.

RESULTS AND DISCUSSION

Fig. 2, from the work of Cording
et al. (1957), shows how dryer output
inereases with drum speed in the range
of 24 rpm. Fig. 3, from the same
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Fig. 2. Drum speed vs. dryer output.

source, . illustrates the sharp reduction
in sheet density that occurs when
drum speed is increased from 2 to 4
rpm. This accounts for the genmeral
use of 2-3 rpm in producing flakes,
when sheet density is important. Since
sheet density is not a primary factor
in flakelet production, drum speeds up
to 6 rpm were investigated. The
marked effect of these higher speeds on
drum output is apparent in Fig. 4.
Obviously, merely increasing drum
speed can increase output only to a

. limited extent; steam pressure must

also be increased, not only to provide
the heat flux necessary to dry but also
to maintain a drum surface tempera-
ture that is conducive to adhesion.
Fig. 5 shows how increased drum sur-
face temperature (actually expressed
as steam pressure in the drum) in-
creases drum output. This increase
results whether the drum is operated
at 2 rpm or at 6 rpm. It is apparent
from Fig. 6 that, in the relatively nar-
row steam pressure range of 90-100
psig, drum output did not increase in
direct proportion to increased drum
speed. We attribute this deviation in
part to the fact that at speeds above
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2 rpm, available steam pressures were
insufficient to provide the additional
heat flux required by the inereased
amount of mash adhering to the drum.
Moreover, the sheet moisture was in
some cases so much higher than the
desired maximum of 15%, that the
increased output would be of no prae-
tical value. Although steam pressure
above 100 psig would be conducive to
lower moistures, a point would be
reached at which the surface of the
sheet next to the drum is so dry that
the sheet becomes detached by its own
weight before the desired average
sheet moisture is attained. Thus, in
the upper range of the drum speeds
investigated, a drum output directly
proportional to increase in drum speed
is probably not attainable. The opti-
mum conditions for obtaining maxi-
mum output of a sheet not exceeding
159 in moisture may involve mash
dilution prior to drying. This is dis-
cussed’ later herein.

Effect of mash dilution on output.
The addition of small amounts of an
emulsifier to mashed potatoes before
drying improves their texture on re-
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hydration (Anonymous, 1959). But
if high-solids potatoes are used, to-
gether with precooking and cooling,
even as little as 0.259% emulsifier on a
potato-solids basis may contribute a
“cottony” character to the mash and
hinder adhesion to the drum when
flakes are produced conventionally.
Mash dilution may even be necessary
to maintain a good sheet. Since a
sheet made expressly for flakelets may
contain as much as 0.75% emulsifier,
difficulties in adhesion might be antici-
pated, especially at high drum speeds.
This, fortunately, is not the case. The
data in Fig. 7 were obtained on un:

140, DRUM SPEED 6 RPM

STEAM PRESSURE 100 PSIO
23.0
130} /
[ /
120} / RUSSET BURBANK
/ SR GR. 1.088.
N4

. nof- ,;/_
© PRODUCT MOISTURES "’},,}
{IOO- 15.0 / £,
'é ¥+ we/
o RUSSET BURBANK

so|- $P. GR. 1.083
[
Y
~
& o
° |, ‘

uASH
70 NOT DILUTED
so}-
L ! ] 1 L

80

[ 4 9 20 2 22 23 24
PERCENT SOLIDS IN MASH

Fig. 7. Effect of dilution of feed
mash on dryer output.

diluted mash and mash diluted to
different degrees. In each case, 0.75%
emulsifier was used. The potatoes were
of two different specific gravities. It
is apparent that the high drum surface
temperatures corresponding to 100
psig' steam, resulted in good adhesion
to the drum even in the case of “cot-
tony” undiluted high-solids mash con-
taining 0.75% monoglycerides and at
a high drum speed. Output was

highest with undiluted mash. Dilution
served to reduce product moisture.
This is because, as mash solids are de-
creased, mash pick-up and net water
pick-up are decreased. Thus, at a
given steam pressure, product mois-
ture will be lowest with the wettest
mash.

As previously mentioned, the high

‘output rate obtained at 6 rpm with

high-solids mash was at the expense of
dryness; moistures were at times well
above the desired maximum of 15%.
Unfortunately, it was not possible to
determine whether higher steam pres-
sure would have produced lower mois-
tures or merely a larger output of in-
sufficiently dried material.

The points corresponding to a sheet
moisture of 159 are indicated in Fig.
7. These show that maximum dryer
output when making a sheet for flake-
lets of Russet Burbank potatoes’ re-
quires that the mash be diluted to
about 219 solids, depending on the
solids content of the potatoes. The
drum should be operated at 6 rpm,
using 100 psig steam. These are pilot-
plant data and may not be directly
translatable into use with large dryers.
The principles, however, would still
apply.

Sheet density. Numerous tests have
shown that.a sheet of approximately
1.2 1b per 100-sq-ft density (such as
results when operating at 6 rpm)
broken through 14-in. holes in a sharp-
knife hammermill gives a bulk density
of about 20 lb per cu ft. Using the
same drum dryer and operating at
2 rpm and breaking in the same man-
ner, gives a product having a bulk
density of about 25 Ib per eu ft. The
corresponding weights that could be
packed in a mno. 10 can would be
about 2.2 and 2.7 Ib. In a plant pro-
ducing about 800 lb/hr of flakes, this

would represent an increase of about'

1.2 cents per lb in packaging costs if
the drum dryer were operated at 6 rpm

Table 1. Effect of sheet density on
bulk density of flakelets. :

Bulk density

Dry sheet Manipulation® of product

density moisture (flakelets)

(1b/100 eq ft) (%) (Ibjcu ft)
0.25 28.2 441
1.00 29.6 47.0
1.10 28.8 45.0

1.10 30.0 45.9 .

1.10 29.6 46.5
1.10 29.6 47.0
1.73 28.4 42.5

1.73 29.8 45.2

2 A planetary mixer was used as & batch
manipulator.

instead of 2 rpm. Thus it would ap-
pear that, unless (through the use of
higher steam pressures) a flake manu-
facturer can obtain higher sheet densi-
ties than are reported here, he could
not economically avail himself of the
higher drum speeds recommended for
use in making flakelets.

As shown in Table 1, the density of
the drum-dried sheet has no significant
effect on the bulk density of the re-
sulting flakelets when manipulation is
carried out within the typical range
of 28-309% moisture. The textures of
all the reconstituted products were
good, regardless of the density of the
drum-dried sheet from which they were
made.
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